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METHOD FOR MONITORING A
GEAR-CHANGE OPERATION IN A MOTOR
VEHICLE PROVIDED WITH A
DUAL-CLUTCH TRANSMISSION

The present invention relates to a method for monitoring a
gear-change operation in a motor vehicle provided with an
engine whose crankshait 1s connected to a transmission hav-
ing a gearbox comprising first and second primary shafts
connectable to the crankshaft of the engine by respective
friction clutches controlled by corresponding actuators, and a
secondary or output shait connectable to the primary shafts
by gears defining a plurality of velocity ratios or gears.

The method according to the invention essentially com-
prises the operation of veritying and validating the detection
of the disengagement of a previously engaged gear by detect-
ing the angular velocity of the primary shaft corresponding to
said gear to be disengaged, and comparing the detected value
of said angular velocity with at least one reference angular
velocity.

Other features and advantages of the invention will be
found 1n the following detailed description, which 1s given
purely by way of non-limiting example with reference to the
appended drawings, 1n which:

FIG. 11s asimplified schematic view of a transmission with
a dual-clutch gearbox;

FI1G. 2 1s a series of curves showing examples, as a function
of time t shown on the horizontal axis, of various values
(angular velocities) during a gear change in the drive line
depicted 1n FIG. 1; and

FI1G. 3 1s a schematic view of an embodiment of the method
according to the present invention.

In FIG. 1, E 1s the engine of a motor vehicle. The engine E
has a crankshait ES which, 1in operation, rotates at an angular
velocity w, and develops a torque C-..

The engine E 1s associated with a moment of 1nertia J ..

The crankshaft ES of the engine E 1s connected to a trans-
mission denoted by the general reference T.

The transmission T comprises a gearbox with first and
second primary shaits S1 and S2, which are connectable to
the crankshaft ES of the engine E by respective iriction
clutches FC1 and FC2 controlled by corresponding actuators
Al and A2, which may for example be electrically controlled
actuators.

The gearbox GS also comprises a secondary or output shaft
SS connectable to the primary shafts S1 and S2 by gears (1,
(G2 defiming a plurality of velocity ratios or gears. In the
simplified schematic view of FIG. 1 only two of these gears
are shown.

In operation, the clutches A1 and A2 are each capable of
transmitting respective torques to the associated primary
shafts S1 and S2.

This mvention provides a method for monitoring a gear-
change operation. In view of the following description, with
reference to FIG. 1 1t will be assumed that the gear change to
be monitored will be from a previously engaged gear, 1n the
branch of the transmission containing primary shait S1, to a
new gear 1n the branch containing primary shaft S2.

InFIG. 1, Cx ;. 1s the torque transmitted by friction clutch
FC1 to that branch of the transmission T in which the change
of gear requires disengaging the previously engaged gear.
Cz e O the other hand, 1s the torque transmitted by triction
clutch FC2 to the branch of the transmission T of the new gear
to be engaged.

W, 4s and o, . are the angular velocities of the two pri-
mary shaits S1 and S2, respectively.
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2
t .. and t, are the transmission ratios produced by gears
G1 and G2, respectively, 1in the branches of the transmission
T where the gear-change operation requires disengaging the
previously engaged gear, and engaging the new gear, respec-
tively.

m. 1s the angular velocity of the secondary shaft SS.

When monitoring a change of gear 1t 1s important to detect
the disengagement of the previously engaged gear. This can
casily be done by analysing the signals supplied by sensors
measuring the positions of the gears of the synchronizers of
the transmission T.

The detection of the disengagement of the previously
engaged gear 1s, 1n the method of the invention, conveniently
verified and validated in one of the various ways described
below.

In general terms, the verification and validation of the
detection of the disengagement of the previously engaged
gear are based on detecting the angular velocity o, ;. of the
primary shaft (51 in the example shown 1 FIG. 1) corre-
sponding to the gear to be disengaged, and comparing the
detected value of this angular velocity with at least one ret-
erence angular velocity.

In a first embodiment, the angular velocity w, ;. of the
primary shait (51) corresponding to the gear to be disengaged
1s compared with a reference velocity corresponding to the
angular velocity w_ of the secondary shaft SS multiplied by
the transmission ratio t . of this primary shait S1 to the
secondary shaft, corresponding to the gear to be disengaged.
The disengagement of the gear 1s confirmed when the differ-
ence between the velocity o, ;. of the primary shatt and said
reference velocity o t .. _has an absolute value greater than a
predetermined value.

Referring to the top curve n FIG. 2, such a condition 1s
satisfied from and after the instant marked t, 1n that figure, 1n
which the difference between w, , and t, w  becomes
greater than a predetermined value A.

The velocity w, ;, can be measured by a known type of
sensor such as a phonic wheel. Sitmilarly, the velocity o, of
the secondary shaft can also be detected by a sensor, or can be
calculated from the measured angular velocities of the driving
wheels, taking into account the transmission ratio at the axle.

The verification used 1n the first embodiment described
above 1s advantageously done by suitably taking into consid-
eration the value ot the torque C ;, transmitted by the clutch
(FC1) connected to the velocity ratio or gear to be disengaged.

In a second embodiment, the angular velocity w, ;.- ot the
primary shait corresponding to the gear to be disengaged 1s
compared with a reference velocity corresponding to the
angular velocity w . of the crankshaft ES of the engine E. The
disengagement of the previously engaged gear 1s confirmed
when the velocity o, ;. 1s equal to this reterence velocity, and
the torque C. ;. transmitted by the clutch (FC1) connected to
the gear to be disengaged 1s greater than a predetermined
threshold value.

In another embodiment shown 1n the illustrative schematic,
FIG. 3, the angular velocity w , . corresponding to the gear to
be disengaged 1s compared with a first reference velocity and
a second reference velocity, these being calculated by a first
mathematical model and a second mathematical model,
respectively, which describe the transmission T 1n the condi-
tions 1 which said gear 1s engaged and disengaged, respec-
tively. Referning to FIG. 3, determination of these reference
velocities, written w4 and w,,_», takes place in two units
which in this figure are labelled C and D, respectively.

As an example, the reference velocity w,, 4 may be equal to
the product of the velocity w_ of the secondary shaft SS and
the transmission ratio t . corresponding to the gear to be
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disengaged, while the reference velocity o, » may be equal to
the angular velocity w,. of the crankshaft ES of the engine E.

The velocity w, ;. of the primary shatt corresponding to
the gear to be disengaged 1s compared, 1n a logical evaluation
unit EB, with the reference velocities »,,4 and w,,». The
disengagement of the previously engaged gear 1s confirmed
when the angular velocity w, ;. satisties a condition of pre-
determined congruency relative to the reference velocities
0, ANd ©, .

The solutions described above for veriiying and validating
the disengagement of the “old” gear are based on the fact that
the friction clutch connected to the gear to be disengaged 1s
brought partially into contact, producing an advantageous
action on completion of the gear-change operation. The rea-
son for this 1s that the partial contact or partial closure of the
friction clutch on the branch of the transmission T containing
the gear to be disengaged, helps to synchronize, immediately
alter disengagement of the “old” gear, the angular velocity of
the crankshaft of the engine E with that of the primary shaft of
the gear to be disengaged, and thus obviates the need to
perform this synchronization at the end of the operation.

Synchronizing the velocity w. of the crankshaft of the
engine E with that of the primary shaft of the gear to be
disengaged also facilitates operations in which two gear
changes are required 1n succession. In such operations, 1f w.
and the angular velocity of the primary shait of the gear to be
disengaged are not synchronized at the end of the first gear
change, the second gear change request would have to be
dealt with by making said primary shait perform a greater
velocity jump, which would increase the load on the associ-
ated synchronizer.

Naturally, without departing from the principle of the
invention, the embodiments and details of construction may
differ substantially from those described and illustrated
purcly by way of non-limiting example, without thereby
departing from the scope of the mvention as defined 1n the
appended claims.

What 1s claimed 1s:

1. A method for monitoring a gear-change operation 1n a
motor vehicle provided with an engine whose crank-shaft 1s
connected to a transmission having a gearbox comprising first
and second primary shafts connectable to the crankshaft of
the engine by respective iriction clutches controlled by cor-
responding actuators, and a secondary or output shait con-
nectable to the primary shaits by gears defining a plurality of
velocity ratios or gears; the method comprising:

detecting a disengagement of a previously engaged gear;

verifying the detection by detecting an angular velocity of

the primary shaft corresponding to the gear to be disen-
gaged; and by comparing, by a controller, the detected
value of said angular velocity with at least one reference
angular velocity;

wherein the at least one reference angular velocity 1s cal-

culated based on at least one of an angular velocity of the

secondary shatt and an angular velocity of the crank-
shaft;
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wherein the angular velocity of the primary shaft corre-
sponding to the gear to be disengaged 1s compared with
the reference velocity that corresponds to the angular
velocity of the secondary shaft multiplied by a transmis-
sion ratio of said primary shait to the secondary shatt,
corresponding to the gear to be disengaged; wherein the
disengagement of said gear i1s confirmed when the dii-
ference between the velocity of said primary shaft and
said reference velocity has an absolute value greater than
a predetermined value.
2. The method according to claim 1, wherein the angular
velocity of the primary shaft corresponding to the gear to be
disengaged 1s compared with a reference velocity corre-
sponding to the angular velocity of the crankshait of the
engine; and
wherein the disengagement of said gear 1s confirmed when
the velocity of said primary shaift 1s equal to said refer-
ence velocity and the torque transmitted by the clutch
connected to said primary shaft is greater than a prede-
termined threshold value.
3. The method according to claim 1, wherein the detecting,
the disengagement of the previously engaged gear 1s based on
at least one sensor measuring positions of the gears.
4. The method according to claim 1, wherein the at least
one reference angular velocity 1s obtained without values
obtained from the other primary shatt.
5. A method for monitoring a gear-change operation 1n a
motor vehicle provided with an engine whose crank-shaft 1s
connected to a transmission having a gearbox comprising first
and second primary shafts connectable to the crankshaft of
the engine by respective Iriction clutches controlled by cor-
responding actuators, and a secondary or output shait con-
nectable to the primary shaits by gears defining a plurality of
velocity ratios or gears; the method comprising:
detecting a disengagement of a previously engaged gear;
verilying the detection by detecting an angular velocity of
the primary shaft corresponding to the gear to be disen-
gaged and by comparing, by a controller, the detected
value of said angular velocity with at least two reference
angular velocities,
wherein the angular velocity of the primary shaft corre-
sponding to the gear to be disengaged 1s compared with
a first reference velocity and a second reference velocity,

wherein the first reference velocity and the second refer-
ence velocity are calculated by a first mathematical
method and a second mathematical method, respec-
tively, and

wherein the first reference velocity and the second refer-

ence velocity describe the transmission in the conditions
in which said gear 1s engaged and disengaged, respec-
tively; the disengagement of said gear being confirmed
when the velocity of said primary shait satisfies a con-
dition of predetermined congruency relative to said first
and second reference velocities.
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